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ABSTRACT 

Nanoparticles are tiny particles with diameter 

between 1 to 100 nm they have unique physical, 

chemical and biological properties due to their 

small size. They have wide range of application 

especially for drug delivery, imaging etc in 

medicine and in cosmetics. When it comes to 

delivering herbal ingredients with better 

bioavailability, targeted administration, and 

increased therapeutic efficiency, nanoparticles have 

shown great promise. The herbal medication is 

encapsulated in nanocarriers to increase its 

therapeutic value, and nanotechnology has been 

developed to stimulate the activity of herbal 

medications on the target site.Based on their 

composition, dimensions, surfaces, and forms, 

nanoparticles are categorized into two main 

categories: organic and inorganic nanocarriers. By 

adjusting their dimensions or composition, these 

carriers’physiochemical properties can be fine-

tuned. This can result in increased surface area, 

improved solubility, bioavailability, and easier 

precise drug targeting when used in herbal 

remedies. 

The study comes to the conclusion that creating 

herbal medications in nanocarriers would be a 

promising guide for the development of core 

remedies and will serve as a promising suggestion 

for many pathological conditions. The study 

focuses on nanoparticles, herbal drug-loading 

techniques, herbal nano-formulations, and 

applications in various fields. 

KEY WORDS: Nanoparticles, Herbal 

Constituents, Novel drug delivery system, Herbal 

nano formulation. 

 

I. INTRODUCTION 
Nanoparticles are extremely small 

particles that range in size from 1 to 100 

nanometers (nm). They have unique properties 

compared to their bulk counterparts due to their 

small size, large surface area, and quantum effects. 

These properties make nanoparticles useful in a 

variety of fields, including medicine, electronics, 

energy, and materials science. 

The increased surface area allows 

nanoparticles to be more reactive and efficient as 

catalysts in chemical reactions.Nanoparticles often 

have unique optical, thermal, and electrical 

properties that are not seen in bulk materials. Then, 

can be engineered to deliver drugs directly to 

targeted cells, reducing side effects and improving 

treatment efficacy.The small size of nanoparticles 

allows them to easily enter the human body, where 

they can interact with cells and potentially cause 

toxic effects.may persist in the environment and 

disrupt ecosystems if they are not biodegradable.
 [1]

 

The high cost may lead to unequal access 

to nanoparticle-based technologies, potentially 

widening the gap between developed and 

developing regions. The use of nanoparticles in 

human health, such as in drug delivery, raises 

ethical questions about their long-term impact on 

health and society. 

Then the strengthening Materials,when added to 

materials like polymers, nanoparticles can 

significantly enhance their strength, durability, and 

thermal resistance.
[2] 

 

Types of Nanoparticles 

1. Metallic Nanoparticles: Made from metals like 

gold, silver, or platinum, these are often used 

in electronics, medical imaging, and drug 

delivery. 

2. Ceramic Nanoparticles: Composed of ceramics 

like titanium dioxide or silica, these are used in 

applications like catalysis, sensors, and 

environmental protection. 

3. Polymeric Nanoparticles: Made from organic 

polymers, they are often used in drug delivery 

systems due to their ability to encapsulate 

drugs and release them in a controlled manner. 
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4. Liposomes and Micelles: These are lipid-based 

nanoparticles commonly used for drug 

delivery. 

5. Carbon-based Nanoparticles: Including 

fullerenes, carbon nanotubes, and graphene, 

these are used in electronics, materials science, 

and energy storage.
[3]

 

 

Approaches of nanoparticles 

 

 
 

Top-Down Approaches: 

It is a physical process. In this, a large-

scale object is progressively reduced in dimension. 

It consists of ultra-fine micro machining of 

materials using lithography, epitaxy, and etching. 

This method is time consuming and relatively 

costly.
[4]

 

 

Bottom Down Approaches 

This is a chemical process. In this, 

different materials and devices are constructed 

from molecular components of their own which do 

not require any external agent to assemble them. 

They chemically assemble themselves by 

recognising the molecules of their own type. This 

approach starts by collection and combination of 

atoms and molecules to build complex structures.
[5]

 

 

Application 

Nanoparticles can be engineered to deliver 

drugs directly to targeted cells or tissues. improving 

the efficiency of treatments and reducing side 

effects. 

For example, liposomes and polymeric 

nanoparticles are used to deliver chemotherapy 

drugs directly to cancer cells.
[6]

 

Nanoparticles have a wide range of applications 

across various fields, including: medicines, 

cosmetics, food and agriculture, biotechnology, 

pharmaceutical etc. 

In medicine mainly used for: 

Drug delivery: Targeted delivery of drugs, 

improved bioavailability, and reduced side effect 

Imaging: Contrast agents for MRI, CT, and 

fluorescence imaging. 

Diagnostics: Biosensors, lab-on-a-chip devices, and 

point-of-care diagnostics. 

Therapeutics: Cancer treatment, gene therapy, and 

vaccine development. 

In cosmetics: 

Skincare: Improved delivery of active ingredients, 

enhanced skin penetration, and better stability. 

Haircare: Hair growth promotion, color protection, 

and improved texture. 

In food and agriculture: 

Food packaging: Improved shelf life, reduced 

spoilage, and enhanced safety. 

Agriculture: Precision farming, crop protection, 

and nutrient delivery.
[7]

 

In biotechnology: 

Gene delivery: Efficient delivery of genetic 

material for gene therapy. 

 Protein delivery: Targeted delivery of proteins for 

therapeutic applications. 

In pharmaceuticals: 

Pharmaceutical manufacturing: Enhanced process 

efficiency and product quality. 

These applications leverage the unique properties 

of nanoparticles, such as their small size, high 

surface area, and ability to interact with 

biological systems.
[8 

 

DIFFERENT NANOPARTICLE LOADED HERBAL CONSTITUENTS 

APPROCHES

Top-down
Ball milling 

method

Bottom-up

sol-gel method

Chemical vapour 
depositon method

Resistive method
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 Plant 

with 

family 

Plant 

part 

used 

Nanoparticl

e type 

Method of 

preparatio

n 

Herbal 

constituen

ts 

 

Evaluati

on 

Stability 

studies 

Herbal 

Extract 

ofAllivum 

sativum 

(Garlic) 

Loaded 

Chitosan 

Nanoparti

cle
[9]

 

 

 

Amarylli

daceae 

 

 

Bulb 

 

 

Polymeric 

nanoparticle 

There are 

many 

preparation 

methods 

that are 

employed, 

depending 

on the type 

of 

nanoparticle 

and the 

materials 

used. The 

conventiona

l methods 

for 

producing 

different 

types of 

nanoparticle

s are listed 

here, with a 

focus on 

polymeric 

nanoparticle

s like lipid 

and chitosan 

nanoparticle

s since they 

are 

commonly 

used in drug 

delivery 

systems.suc

h as the 

Ionic 

Gelation 

Method 

(using 

chitosan 

nanoparticle

s), the 

Emulsion-

Solvent 

Evaporation 

Method, the 

Nanoprecipi

tation 

Method, 

and the 

Coacervatio

Alkaloids 

Terpenoids

Flavanoids

glycosides

phenolicac

ids, 

tannins etc. 

Character

ization, 

drug 

release 

studies, 

stability 

testing,bi

ocombati

bility and 

toxicity 

studies,ef

ficacy 

testing, 

quality 

testing. 

After 

storing the 

adjusted 

formulation 

in a stability 

chamber for 

eight weeks, 

the 

synthesized 

nanoparticle 

stability 

investigatio

ns were 

conducted. 

The samples 

were 

examined 

for physical 

appearance 

at 0, 1, 2, 

and 8 weeks 

following 

the relevant 

period (ICH 

Q1A). 
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n Method, 

GelationMe

thod(Forchit

osan 

nanoparticle

),Emulsion-

SolventEva

porationmet

hod,Nanopr

ecipitation,c

oacervation 

method. 

 
[10]

Fabrica

tion 

of Indigof

era 

linifolia L

eaveExtra

ct-

LoadedNa

noparticle

s 

Fabaceae leaves Polymeric 

nanoparticle 

The 

following 

procedures 

are 

commonly 

included in 

the 

preparation 

process for 

nanoparticle

s loaded 

with 

Indigofera 

linifolia leaf 

extract. 

Plant 

Sample 

Collection 

Identificatio

n 

Crude 

Extract 

Preparation 

Preliminary 

Phytochemi

cal Analysis 

of a Crude 

Extract of 

Indigofera 

Linifolia 

Determinati

on of Total 

Phenolic 

Content 

(TPC) and 

Total 

Flavonoid 

Contents 

(TFC) 

HPLC-UV 

Analysis of 

Flavanoids

saponins 

tannins 

alkaloidal 

terpinoids 

glycosides 

To 

guarantee 

the 

efficacy, 

stability, 

and 

safety of 

nanoparti

cles 

loaded 

with 

Indigofer

a linifolia 

leaf 

extract, a 

number 

of crucial 

actions 

must be 

taken 

during 

evaluatio

n include 

Character

ization of 

the Crude 

Extract 

HPLC-

UV 

Analysis 

of the 

Crude 

Extract,G

C–MS 

analyses 

were 

performe

d to get 

insight 

into the 

phytocon

Studies on 

the stability 

of 

nanoparticle

s containing 

Indigofera 

linifolia leaf 

extract are 

necessary to 

evaluate 

how well 

the 

formulation 

holds up 

over time in 

terms of 

both 

efficacy and 

integrity. 

Which 

include 

Physical 

Stability, 

Chemical 

Stability, 

Thermal 

Stability, pH 

Stability,Mi

crobiologica

l Stability. 
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the Crude 

Extract 

 

 

stituents 

of a 

volatile 

nature,FT

IR 

Analysis 

of the 

Crude 

Extract 

and 

Fabricate

d NPs. 

 
[12]

Cardam

om 

Extract-

Loaded 

Gelatin 

Nanoparti

cles as 

Effective 

Targeted 

Drug 

Delivery 

System to 

Treat 

Glioblasto

m 

Zingiber

aceae 

fruit 

(capsul

e) 

gelatin 

nanoparticle

s 

There are 

various 

techniques 

that can be 

used to 

create 

gelatin 

nanoparticle

s, especially 

for drug 

delivery 

applications 

such as 

loading with 

cardamom 

extract. The 

desolvation 

process is 

one that is 

frequently 

employed, 

The 

adulterant 

material 

was 

cleaned, and 

the fruits 

were then 

coarsely 

powdered 

using an 

electric 

grinder. 

After 

soaking 150 

g of ground 

material in 

hot distilled 

water, it was 

left in a 

shaking 

Cardamom 

(typically 

Elettaria 

cardamom

um for 

green 

cardamom) 

contains a 

variety of 

bioactive 

compound

s that 

contribute 

to its 

therapeutic 

properties. 

Flavonoids

, Volatile 

oil,fixed 

oil, 

alkaloids, 

terpenoids. 

In vitro 

(lab) and 

in vivo 

(animal 

or 

clinical) 

experime

nts are 

used to 

evaluate 

the 

efficacy, 

safety, 

and 

usefulnes

s of 

gelatin 

nanoparti

cles, 

particular

ly those 

loaded 

with 

cardamo

m extract 

for 

targeted 

drug 

administr

ation. 

That 

included 

UV-Vis 

spectroph

otometry, 

X-Ray 

diffractio

n (XRD), 

Fourier 

transform 

infrared 

An essential 

component 

in assessing 

the safety, 

effectivenes

s, and shelf 

life of 

gelatin 

nanoparticle

s infused 

with 

cardamom 

extract is a 

stability 

study. It 

entails 

putting the 

nanoparticle

s through a 

variety of 

environment

al tests to 

see how 

variables 

like 

humidity, 

temperature, 

and 

exposure to 

light alter 

the particles' 

chemical 

and physical 

characteristi

cs over 

time. 
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incubator 

(GFL 3031) 

set to 25°C 

and 40 rpm 

for the 

duration of 

the night. 

After 

filtering it 

through a 

cloth, we 

left it in the 

shaking 

incubator 

for another 

night at 

25°C and 40 

rpm. To 

remove the 

larger 

particles, 

we 

centrifuged 

the extract 

for 10 

minutes at 

4500 rpm 

using a 

universal 

320R 

hettichzentri

fugen. 

Ultimately, 

the extract 

was freeze-

dried to 

provide the 

extract's 

cream 

powder. 

 

 

spectrosc

opy 

(FTIR), 

Differenti

al 

scanning 

calorimet

ry (DSC), 

SEM 

observati

on, 

Particle 

size 

analysis, 

Zeta 

potential, 

entrapme

nt 

efficiency

. 

 

[13]
Prepara

tion, 

physical 

properties, 

and 

evaluation 

of 

antioxidan

t capacity 

of 

aqueous 

grape 

Vitaceae Grape 

skin, 

grape 

seed 

chitosan-

TPP 

nanoparticle

s. 

The grapes 

were first 

dried for 30 

minutes at 

50°C in an 

oven. After 

that, they 

were ground 

to make a 

powder, 

which was 

subsequentl

The herbal 

ingredients 

in aqueous 

grape 

extract, 

which are 

incorporate

d into 

chitosan-

TPP 

nanoparticl

es, largely 

Assessing 

the 

physical 

characteri

stics, 

stability, 

and 

antioxida

nt 

capacity 

of the 

nanoparti

To make 

sure that 

chitosan-

TPP 

nanoparticle

s containing 

aqueous 

grape 

extract 

retain their 

effectivenes

s, safety, 
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extract 

loaded in 

chitosan-

TPP 

nanopartic

les 

y put 

through a 

mesh (No. 

35). The 

resulting 

powder was 

then 

dissolved in 

deionized 

water and 

subjected to 

35 kHz 

waves for 

15 minutes 

at 55°C in 

an 

ultrasonic 

bath 

(UP200H, 

Germany). 

Next, 

contaminant

s were taken 

out of the 

extract by 

filtering it 

with 

Whatman 

filterpaper 

No. 5. After 

that, the 

extracted 

material 

was kept 

out of the 

light and 

moisture in 

a sealed 

container. 

include 

numerous 

bioactive 

chemicals 

present in 

grapes.org

anic acid, 

polyphenol

s, 

flavonoids, 

tannins, 

and 

vitamins. 

cles is 

one way 

to 

determine 

how 

efficient 

aqueous 

grape 

extract 

loaded in 

chitosan-

TPP 

nanoparti

cles is. 

This is a 

thorough 

overview 

of the 

assessme

nt 

procedure

: Particle 

size and 

polydispe

rsity 

index, 

Zeta 

potential, 

Fourier- 

transform 

infrared 

(FTIR)sp

ectrometr

y. 

 

and quality 

over time, 

stability 

tests are 

crucial. 

 

Peppermin

tExtract 

Loaded 

Gelatin 

Nanoparti

cles 

forDiabeti

c Wounds 

Healing: 

Characteri

zation, In 

Vitro, and 

InVivo 

Studies.
[14]

 

Lamiace

ae 

Pepper

mint 

leaves 

Gelatin 

nanoparticle

s 

Six liters of 

solvent 

were used 

to extract 

1000 g of 

dried 

peppermint 

leaves three 

times over 

in a 

constant 72-

hour period 

using the 

maceration 

method. The 

Peppermin

t (Mentha 

piperita) 

contains 

several 

active 

herbal 

constituent

s that 

contribute 

to its 

therapeutic 

and 

medicinal 

properties. 

Microsco

pic 

Analysis,

TEM, 

FTIR 

Analysis, 

TGA 

Analysis, 

Mechanic

al 

Propertie

s,Histom

orphomet

ric 

Analysis. 

To make 

sure that 

peppermint 

extract-

loaded 

gelatin 

nanoparticle

s continue 

to be high-

quality, 

effective, 

and safe 

over time, 

stability 

tests are 
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leaves were 

pulverized 

and 

extracted 

using 

ethanol/disti

lled water 

(80/20) at 

room 

temperature.

The 

extracted 

materials 

were mixed, 

sieved, and 

vacuum-

dried at 40 

°C. and 

include: 

Preparation 

of 

Crosslinked 

Gelatin 

Extract 

Nanoparticl

e, 

Preparation 

of 

Nanofibers. 

 

Like, 

flavonoids, 

phenolic 

compound, 

tannins, 

saponins. 

crucial. 

 

[15] 
Herbal 

extract of 

Curcumin-

loaded 

into 

PLGA 

nanopartic

les 

 

Turmeric

,zingiber

aceae 

rhizom

es 

PLGA 

poly(lactic- 

co-

glycolic)acid 

The 

curcumin-

loaded 

PLGA 

nanoparticle

s were 

prepared by 

the 

nanoprecipit

ation 

method.PL

GA and 

curcumin 

were 

dissolved in 

acetonitrile 

and dropped 

into the 

stirred 

surfactant 

aqueous 

phase at 

room 

temperature 

curcumin,p

henol, 

alkaloid, 

tannin, and 

saponin. 

By using 

FESEM 

and DLS, 

the 

resulting 

particles' 

morpholo

gy was 

verified. 

The 

generated 

particles 

are 

spherical 

and 

aggregate

d, as the 

FESEM 

image 

demonstr

ates. 

DLS 

verified 

the 

Research 

shows that 

these 

nanoparticle

s exhibit 

physical 

stability, 

with no 

significant 

change in 

particle size, 

shape, or 

morphology 

over three 

months, and 

chemical 

stability, 

retaining 

85-90% of 

curcumin 

over six 

months with 

minimal 

degradation. 
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by using a 

syringe. The 

suspension 

was stirred 

for 30 min 

and the 

evaporation 

under 

reduced 

pressure 

was used to 

remove the 

organic 

solvent and 

to 

concentrate 

the 

suspension. 

productio

n of 

spherical 

particles 

in the 

turmeric 

nanosize 

range and 

show. 

It was 

also 

determine

d how 

well the 

curcumin

-loaded 

Erick 

nanoparti

cles 

inhibited 

the 

growth of 

PLAGA 

nanoparti

cles. 

Biological 

stability is 

also 

maintained, 

with 

consistent 

antioxidant 

and anti-

inflammator

y activity 

over two 

months. 

Storage 

conditions 

can impact 

stability, 

with room 

temperature 

storage 

stable for 

three 

months, 

refrigeration 

for six 

months, and 

freezing 

for twelve 

months. 
[17]

Solanu

m nigrum 

L. leaf 

extract-

loaded 

sodium 

alginate 

nanopartic

les 

Solanace

ae 

Leaves Sodium 

Alginate 

Nanoparticle

s 

The 

maceration 

method has 

been used to 

prepare the 

alcoholic 

extract of s. 

nigrumL 

leaves. 

Firstly 100g 

of s. nigrum 

L leaves 

were 

collected 

from the 

areas 

around 

mashhad 

,iran, the 

leaves were 

well dried 

powdered 

and soaked 

in ethanol 

70% for 48 

hr then this 

Alkaloids, 

flavonoids, 

phenols,sa

ponins,gly

coside, 

essential 

oil. 

Particle 

size,in 

vitro 

studies, 

in vivo 

studies,bi

ocombact

ibility. 

Stability 

studies for 

Solanum 

nigrum L. 

leaf extract-

loaded 

sodium 

alginate 

nanoparticle

s involve a 

series of 

evaluations 

to ensure 

that the 

formulation 

maintains 

its physical, 

chemical, 

and 

functional 

integrity ov

er time. 
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mixture was 

passed 

through 

paper filter. 

After 

removing 

the ethanol 

the extract 

was placed 

in a freeze 

dryer and 

49g of dried 

extract 

leaves were 

obtained. 

Formulati

on of 

Neem oil-

loaded 

solid lipid 

nanopartic

les and 

evaluation 

of its anti-

Toxoplas

ma 

activity
[18]

 

Meliacea

e 

seeds Solid Lipid 

Nanoparticle

s 

In this 

study, lipids 

such as 

cholesterol 

and 

surfactants 

like lecithin 

and Tween 

80 were 

employed. 

NeO-SLN 

preparation 

was 

evaluated 

using the 

MTT (3-

(4,5-

dimethylthi

azol-2-yl)-2, 

5-

diphenyltetr

azolium 

bromide) 

assay. The 

vero cell 

wells that 

were not 

treated and 

the one that 

received 

150 mg/mL 

of 

clindamycin 

were 

identified as 

the positive 

and 

negative 

controls, 

Azadiracht

in,Nimbin,

Nimbidin, 

Salannin, 

Gedunin, 

Quercetin, 

Triterpenoi

ds. 

Fabricati

on of the 

NeO-

SLNs, 

electron 

microsco

py, and 

particle 

size 

analysis, 

Entrapme

nt 

efciency, 

FTIR- 

spectra 

(compati

bility 

with 

excipient

s, zeta 

potential, 

In vitro 

release 

and 

release 

kinetic 

studies. 

Stability 

studies are 

crucial in 

assessing 

the shelf 

life, safety, 

and efficacy 

of neem oil-

loaded solid 

lipid 

nanoparticle

s (SLNs). 

These 

studies 

determine 

how the 

formulation 

behaves 

under 

various 

environment

al 

conditions 

over time. 
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respectively. 

After 24 

hours, the 

supernatant 

was 

gathered, 

and the 

MTT 

solution (5 

mg/mL) 

was 

immediately 

added to the 

wells at a 

ratio of 15% 

(v/v). The 

plate was 

then 

incubated 

for an 

additional 4 

hours. at 

37°C in 5% 

CO2 before 

150μL/well 

of dimethyl 

sulfoxide 

was added 

to end the 

trials. To 

evaluate the 

results, the 

plate was 

read. an 

enzyme-

linked 

immunosor

bent assay 

(ELISA) 

microplate 

reader 

operating at 

570 nm. 
[19]

Mangif

era 

indica L. 

Extract-

Loaded 

Green 

Nanoparti

cles 

 

Anacardi

aceae 

Leaves Green 

nanoparticle

s 

Mango 

waste (peels 

and kernels) 

was dried 

into a fine 

powder and 

extracted 

using pure 

methanol 

(10:1, v/w) 

by stirring. 

Polyphenol

s,flavanoid

s, 

tannins,sap

onins. 

Preparati

on of 

Extract,Id

entificati

on of 

Compoun

ds in M. 

indica 

Peel and 

Kernel 

Extract,A

Measure the 

particle size 

and 

polydispersi

ty index 

(PDI) at 

regular 

intervals 

using 

Dynamic 

Light 
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The extract 

was refined 

and solvent 

evaporation 

was done 

using a 

rotary 

evaporator 

following 

stirring. 

After 

drying, the 

extract was 

stored at -4 

°C. 

Equation 

was used to 

determine 

the % yield. 

 

tomic 

Absorptio

n 

Spectrosc

opy,Fouri

er-

Transfor

m 

Infrared,S

pectrosco

py 

(FTIR). 

 

 

 

 

Scattering 

(DLS). 

Significant 

changes in 

size or PDI 

could 

indicate 

aggregation 

or 

instability, 

Oxidative 

Stability, 

Thermal 

Stability. 

[20]
Herbal 

extract of 

guava leaf 

(Psidium 

guajava 

L.) loaded 

Silk 

nanopartic

le 

Myrtace

ae 

leaves silk 

nanoparticle 

Fresh guava 

leaves were 

collected, 

allowed to 

dry at room 

temperature, 

and ground 

into a fine 

powder. 300 

g of the 

powder was 

then 

extracted 

with 1 L of 

ethanol 

using the 

maceration 

method. 

After 24 

hours, the 

extract was 

collected, 

and the 

remaining 

solid matter 

was 

extracted 

twice more 

using 

ethanol. The 

extracts 

were then 

mixed, 

filtered, and 

Flavonoids 

,tannins, 

phenolic 

compound

s,saponins,

essential 

oils 

Chemical 

analysis 

,antioxida

nt activity 

,anti 

microbial 

testing , 

bioavaila

bility 

Accelerated 

Stability 

Testing 

,Long-Term 

Stability 

Testing 

,Chemical 

Stability 

,Physical 

Stability, 

microbial st

ability. 
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solvent 

evaporated 

using an 

until they 

were semi-

solid. They 

were then 

stored at 4 

°C for 

further 

investigatio

n. 

 

II. CONCLUSION 
In summary, nanoparticles have shown 

tremendous promise as carriers for loading herbal 

constituents, offering improved bioavailability, 

targeted delivery, and enhanced therapeutic 

efficacy. The versatility of nanoparticles allows for 

tailored design and modification to suit specific 

herbal extracts, maximizing their potential benefits. 

Our study demonstrates the potential of 

nanoparticles to revolutionize the field of herbal 

medicine, enabling more effective and efficient 

delivery of herbal constituents. Future research 

should focus on further optimizing nanoparticle 

design, exploring new herbal extracts, and 

conducting in-depth in vivo studies to fully realize 

the potential of nanoparticles as carriers for herbal 

constituents. Ultimately, this technology has the 

potential to unlock the full therapeutic potential of 

herbal medicine, providing new hope for the 

treatment of various diseases and 

improving human health. 
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